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SmOvlARY 
Many attempts have been made to produce designs in textiles by-
altering the dyeing characteristics of fibers to obtain different color 
effects frcm the same dyebath. A new method (devised in the laboratoiy 
of the A, French Textile School) of producing such dyeings by pretreating 
wool to cause one group of fibers to absorb less dye and another group to 
absorb more dye, was further investigated. 
The first part of this work was devoted to eaqjerimental dyeings 
for the purpose of acqxiiring the techniqtxe of the process and examining 
the methods in order to evaluate and improve them. The particular factors 
examined were: resist agents; pretreatment media; dyebath concentrations; 
and pH, time and temperature effects. In the second part of the work an 
attempt was made to explain the role of three of the components of the 
dyebath (the resist agent and two dyestuffs) during an actual contrast-
effect dyeing. 
This second phase of the work was effected by removing samples 
from a dyebath at frequent intervals during dyeing, and examining these 
spectrophotometrically. The results obtained, indien combined with spectro-
photometric data on each component from solutions of known concentrations, 
yielded estimates of the concentrations of each con^onent at each stage 
of the dyeing. The mathematical operations involved were facilitated by 
the use of an electronic computer. 
The knowledge gained in the experimental dyeings and in the study 
of the changes in the concentrations of the components during dyeing 
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was used to evolve a tentative theory of ihe role of each of the can5)onents 
studied in the contrast-effect dyeing. Detailed instructions for effecting 
the desired results are included. 
The factors "which are believed to be most iniportant to the success 
of this method of dyeing are the relative affinities of the resist agent 
and of the dyestuffs used; "tiiese contribute most to satisfactory contrast. 
However, other aspects of the method, such as the chemical nature of the 
pre treating agent, the method of pretreatroent, and the variables usually 
controlled in any successful dyeing — dyebath ratio (volume of dyebath 
to weight of fibers being dyed), pH, concentration of dyestuffs, etc. ~ 
I 
I 
also contribute to Idle overall success of the method. The effects of F 
I 
some of these variables are pointed out. I 
i: 
The difficulties involved when attempts are made to describe colors j 
i 
and color differences have been partially overcome by the inclusion, in j 
I 
this work, of a color photograph, which shows how the colors of two saii5)les, 
dyed in the same bath at the same time, change with both time and tenpera- [ 
ture • 
Althou^ in most of the work reported here boidi of the dyed samples 
were pretreated, a method in •which only one sample need be treated is 
proposed. 
It is concluded that the dyeing method investigated in this work 
is an effective means for obtaining contrast effects in wool dyeing from 




Of the many ways of introducing color into textile designs, one of 
the most interesting is by dyeing fabrics constructed of fibers and yams 
having different dyeing characteristics. 
Background.—^ool has probably been studied more widely than any other 
fiber, and the theory of wool dyeing is no doubt the most well founded 
dyeing theory in existence. It is, therefore, natural that attempts 
have been made to alter wool in order to obtain new eyeing characteris-
tics. 
Some of the attenpted methods, of which Hartley, Wood, and Lund (l) 
list nine, have been successful, and thousands of pieces have already been 
dyed in England by the chlorinated wool method. The usual methods of 
approach to the problem have been (a) to change the fiber structure to 
make it more, or less, accessible to dyestuffs, or (b) to chemically alter 
the ntamber of dye sites to increase, or decrease, the total dyeing capacity 
of the wool (2). 
A method developed by Davis (3) has many possibilities and also has 
the advantage of giving negligible loss in fiber strength. The most fas-
cinating aspect of this method is that it was developed solely on the 
basis of wool dyeing theory. 
Objectives.—^The basic objectives of this work were to gain a more thorough 
knowledge of the method of producing contrast effects whidi was devised 
by Davis, to explain the dyeing mechanism of the process, and to expand 
and improve the method, 
Ifethod.—The method of attack in this work was first, to explore the 
pretreatment methods, the dyebath preparations, and the dyeing conditions 
used by Davis in obtaining contrast effects; and second, to analyze a 
typical process involving all of the elements of a contrast-effect dye-
ing. 
The first part of the work consisted of several series of dyeings 
which were carried out in order to study the many variables involved in 
pretreatment, dyebath preparation, and dyeing conditions• The second 
part was pursued by performing a typical contrast-effect dyeing and con-
ducting spectrophotometric examinations in order to determine the changes 
in the concentrations of the dyebath components as the dyeing progressed. 
CHAPTER II 
EVOLUTION OF THE ENDEilVOR 
Initial Study of the Dyeing Methods 
The first part of this work was devoted to various exploratoiy dye-
ings for the purpose of developing the technique of producing contrast 
effects in wool dyeing and improving the methods of obtaining such effects. 
The methods developed by Davis (h) formed the basis of this work. Some 
of the variables which affect the pretreatment and dyeing results were in-
vestigated, as was the use of several different agents for pretreatment. 
Since it appeared that the resist agent used in the pretreatment 
was a very important factor in determining the degree of contrast obtained 
in dyeing, one of the first objectives was to centre the effectiveness 
of several different agents. Dyeings under different dyeing conditions 
were made on samples pretreated with each of the resist agents • To further 
investigate the efficacy of the resist agents, dyeings weire also conducted 
on samples pretreated with higher concentrations of the agents present in 
the pretreatment baths. 
On the basis of certain dyeing results the belief was held that 
satisfactory contrast effects could be obtained by treating only one 
sample, and dyeing in the same dyebath with an untreated sample of wool. 
It also appeared that acids other than phenol and phosphoric could be 
used successfully in the pretreatment bath. Dyeings were carried out in 
order to verify these theories. 
The results of preliminary dyeings indicated the need for a change 
in terminology from that iised by Davis ($)• The general terra "Contrast 
Effect r^thod I" was considered more appropriate than the two terms 
"Preferred Method for Obtaining Two-Color Effects" and "Preferred Method 
for Obtaining Two-Tone Effects," since either method could be used to 
produce either type of contrast effect, depending on the dyeing condi-
tions used. It also seemed that the title "Contrast Effect Method I" 
should be applied only to the dyebath preparation, rather than to the 
entire dyeing process, since different dyeing conditions in the same dye-
bath result in different color effects* 
Time did not permit a systematic investigation of the effects of 
changes in the percentage of dye in the dyebath, the relative amounts of 
the two dyes, and the dyebath voluiwe in relation to the fiber. However, 
these variables were surveyed to obtain an indication of their general 
effects and to gain a better understanding of the dyeing process. The 
effect of pH on the process was studied in much the same manner. 
All of the initial dyeings which were carried out contributed to 
a better understanding and control of the over-all contrast effect process. 
Investigation of the Dyeing Process 
The prime objective of this work was to gain a more complete under-
standing of the mechanism of the acid dyeing process involved in producing 
contrast effects by the method being studied. It was believed that, in 
order to do this, the changes in the concentrations of the contrast-pro-
ducing dyebath as the dyeing proceeds, must be known. The Concentration 
Determination Section of Chapter IV is concerned with how this knowledge 
was gained. 
Preliminary Considerations.—Determinations of dyebath concentrations by 
measuring the light absorption of colored solutions depend on several 
considerations. These will be discussed in this section, and the methods 
which were used in this work to insure compliance with these conditions 
will be described in the next section. 
The accuracy of concentration measurements on one substance in 
solution depends on the validity of Beer*s law and of Lambert's law for 
the solution and for the method used in measuring the concentration. 
Statements of Beer's law and of Lambert's law, and the derivation of the 
basic formula used in spectr©photometric work from these two laws as 
performed by Vickerstaff (6), are contained in the Derivation of Formula 
in the Appendix. 
The validity of Beer's and of Lambert's laws in concentration 
measurements depends on two primary considerations t 
1. Truly monochromatic light must be used and must pass through 
a solution of an exactly known thickness. 
2. There must be no change in the chemical or physical nature of 
the colored substance with changes in concentration in the solution. 
The second consideration depends, in turn, on two conditions for 
water soluble dyes: 
1. The component must not change color in aqueous solution with 
changes in pH. Dye color in an aqueous solution is often dependent on pH« 
2. Changes in the condition of the dye mcust not take place during 
dilution due to either a change in the degree of aggregation or dissocia-
tion of the dye molecules. 
The above factors must be taken into account for each dyebath 
component individually, since the accuracy of calciilation of concentra-
tion from optical density readings for a particular dye depends on the 
compliance of the dye with these factors. 
The terms absorbency and optical density, which are used in spectro-
photometric work, both refer to the same thing, the logarithm of 100 over 
the per cent transmission. If the absorbency is divided by the concentra-
tion of the solution in grams per liter, the resulting value is the ab-
sorptivity. If the absorbency is divided by the concentration in mols 
per liter, the result is the extinction coefficient (7). At a given wave-
length the ratio between two extinction coefficient gives a measure of 
the relative strength of absorption of light by two dyes. 
Complex dye mixtures may be analyzed with the aid of plots of opti-
cal density versus wavelength, and the relative strengths determined (8). 
However, in dye solutions of more than one component there are additional 
considerations involved (9)t 
1, Interaction of dyes in solution must not take place. The ab-
sorption curves of certain dye mixtures may not be additive, and the fact 
that some are not has been demonstrated by Neale and Stringfellow (lO). 
The evidence suggests that the effect is due to association of molecules 
of the two dyes to form a binary complex having an absorption spectrum 
different from that of the components, 
2* The accuracy of concentration estimations of components in a 
mixture depends to a great extent on the relative shapes of the absorp-
tion curves of the components. If the curves lie close together, the 
optical density readings of the standard solutions of the components may 
be very similar, so that the denominator in Formula 6 (See Appendix) is 
small and may be comparable in magnitude to the experimental error in 
the optical density readings• Therefore, the further apart the maximum 
absorption readings of the components (in wavelength), the more accurate 
the computation of concentrations should be* 
The mathematical relationships amcxig the terras peculiar to light 
absorption work, and the derivation of the formulae for spectrophotometiic 
determinations and dye mixture analyses are contained in the Appendix* 
The sources for the related mathematical data, other than certain deriva-
tions performed by the author, were Vickerstaff (11) and Darbey (12). 
There are other considerations which are minor only in the amount 
of effort required to satisfy them and not in the amount of error which 
can result from them. The preparation of the dye solutions must be 
exact. Optical density readings and extinction coefficient calculations 
depend entirely on concentration; therefore, dilutions for the purpose 
of readings on the spectrophotometer must be exact, and any evaporation 
of solvent must be prevented. 
Verification of Compliance with Considerations.—Compliance with the con-
siderations described in the previous section was important to this work 
in order that as many as possible of the sources of error might be elimi-
nated or minimized. The validity of the first of these considerations 
was assured by passing monochromatic light through solutions of known 
thicknesses. Verification of considerations related to the dyebath 
components used in this work was confirmed by conducting tests to be 
certain that the con̂ Donents satisfied all conditions. 
The validity of Beer's law and of Lambert's law for this work was 
assured by use of the Beckman Model DU Photoelectric Quartz Spectrophoto-
meter for optical density measurements. Also, matched pairs of Beckman 
Absorption Cells (one Corex set and one Quartz set) were used to contain 
solutions. One cell of each pair was used as the standard cell and con-
tained the solvent in all readings, while the other cell of the pair 
was always used for the solution being examined. 
The tendency of dyes to change color with pH changes was overcome 
by conducting all spectrophotometric examinations on solvents and solu-
tions which had been adjusted to an exact pH of 6.0. All pH determina-
tions were made with a Beckman pH Meter. The tendency of dyes to change 
in state of aggregation may be overcome by the addition of pyridine, 
polyethylene oxide condensation products, alcohol, or dimethyl formamide, 
according to fickerstaff (13). He further states: "The absence of change 
in aggregation is best established by preparing a range of solutions of 
the dye under test at various concentrations and confirming that a linear 
relationship exists between optical density and concentration." This was 
the method which was used in this work to verify that each component of 
the dyebath fulfilled the considerations. 
An extension of this type of test was utilized in testing for the 
interaction of dyes in a multi-component dyebath. Solutions of each 
component, and all the components together in a representative "dummy" 
mixture were prepared using analogous concentrations. Optical density 
readings were obtained on each of the solutions and coii5>utations were 
made to verify the additive relationship of the optical densities of the 
components in the dyebath. Optical density values for each of the dye-
bath components were converted to extinction coefficient values and 
plotted in order to determine the shapes and locations of maxima for 
the absorption curves. 
In order to minimize experimental errors, the following precautions 
were observed in all tests: 
1. All fluid measurements were made with pipettes. All weighings 
were carried out on analytical balance, 
2. Adjustments in pH were made before the solutions were broiight 
to the desired volume in order to assure exact solution volumes. 
3. The adjustments in pH were made with four per cent solutions 
of diammoniiira phosphate, or of phosphoric acid, as required. 
ii. All containers for solutions were rinsed with water which had 
been adjusted to a pH of 6.0 before use and thoroughly dried before solu-
tions were entered. 
^. Solutions were tightly stoppered, and spectrophotometer read-
ings were made on the same day and as soon as possible after solutions 
were prepared. 
6. Distilled water which had been adjusted to a pH of 6.0 was 
used for all dyebaths, solutions and dilutions. 
7. Cells used to contain solutions in the spectrophotometer were 
carefully cleaned and dried between each set of readings on a different 
solution. 
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CHAPTER I I I 
INSTxRIS în-ATION AIJD EQUXPIffî TT 
List of EqiiLpment Used.—The following items of spec ia l equipment -were 
used in th i s work: 
Christian-Becker Ghainomatic Analytical Balance 
Precision Scient i f ic Mag-Mix S t i r r e r 
Precision Scient i f ic Vari-Speed S t i r r e r 
Beckman pH Meter, Model H-2 
Two matched Beckman Gorex Absorption Cells 
Two matched Beckman Quartz Absorption Cells 
Beckman Spectrophotometer, Model DU 
Remington Rand Univac Sc ien t i f i c Computer, Model 1101 
The Spectrophotometer,—The sources for the information contained in t h i s 
sect ion were the ins t ruc t ion booklet for the Beckman Model DU Spectrophoto-
meter (Ih) and Gibson and Balcolm ( l 5 ) • The Beckman photoelect r ic spect ro-
photometer has proved of great value in spec t ra l transmission and absorp-
t ion measurements. The essen t i a l features of the instrument a re : Radiant 
energy from an il luminant i s focused on a narrow s l i t by means of a con-
cave and a plane mir ror . The beam entering the s l i t i s rendered p a r a l l e l 
by another mirror and passes through a quartz prism to a r e f l ec t ing surface. 
After re f lec t ion the beam returns along almost the same path to the same 
s l i t through which i t entered and emerges s l i gh t ly above the entrance 
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bean* After passage throiigh the sample, the beam is incident on a photo-
tube. The photoelectric ciirrent produces a voltage drop across a photo-
tube load resistor v/hich is balanced by a potentiometer. Y/hile this 
null setting is being made, any imbalance is amplified electronically 
and is indicated by a milliammeter on the instrimient. 
The Beckman Model DTJ Spectrophotometer vsed in this issork was 
equipped with a photomultiplier attachment which greatly increases the 
sensitivity of the instrument. It is capable of readings from about 
200 to 1,200 mLllimicrons; however, the normal tungsten lamp source and 
corex cells may be used only above 320 millimicrons. A hydrogen dis-
charge illuminant and quartz cells are required from 200 to 350 milli-
microns. Either set-up may be used from 320 to 350 millimicrons. Since 
the visible region of the spectrum (from about UOO to 700 millimicrons) 
is most applicable for dyes, the range used for readings on the dyes was 
320 to 700 millimicrons. The resist agent was examined in the region 
below 320 millimicrons but it was found that satisfactory results could 
also be obtained above 320 millimicrons • 
In general, three readings are necessary to make a transmission 
determination at any wavelength: (l) the zero reading, in which the 
beam is blocked from the phototube and the galvanometer is brought to 
balance by a "dark current" adjuster, (2) the 100-per cent reading, in 
which the beam falls on the phototube after passing through the solvent 
or standard cell, and the milliammeter is brought to balance by adjusting 
the slit width, and (3) the transmission reading, in which the unknown 
or test sample is placed in ohe beam and the galvanometer is brought to 
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balance by turning the potentiometer dial -which carries the "transmission" 
and "optical density" scale. 
The Computer.—The Remington Rand Model 1101 Computer was used in solving 
the many sets of simultaneous equations with the data obtained in the 
dyebath concentration determinations. The source for all facts regarding 
the computer in this section was the Remington Rand l-Ianual, "Introduction 
to Programming for the 1101 Computer." 
This computer is particularly adapted to scientific work and, al-
though the computer is today a familiar tool, its potential in work of 
this type has not been fully realized. The electronic computer is most 
complex in function, but a minimum of familiarity is required to take 
advantage of its possibilities. 
The 1101 Computer may be divided into five sections for descriptive 
purposes: 
(1) Memory Unit — a magnetic drum having a capacity to store 
16,33U "words" of 2U "bits" each. A "bit" is merely the short name for 
a binary (expressed in the base of two) digit. A "word" is a group of 
"bits." 
(2) Arithmetic Section — an accumulator and two registers which 
perform the aritlimetic operations. 
(3) Program Control — the section which governs the execution of 
the various instructions which make up the program. A program is the 
sequence of actions by which a computer handles a problem. Programming 
is devising a program. 
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(U) Input — the section which transfers numerical data and instruc-
tions from the input medium to the memory. The input medium is punched 
tape, 
(5) Output — the section which translates the machine results in-
to a usable form. The output medium is punched tape. The information on 
the tape is converted into a typed tabular foim by a "Flex-o-sVriter" type-
writer. 
The parts of the computer may be roughly conqjared to a person using 
a desk calculator. The memory corresponds to the p^er on which data are 
recorded, the arithmetic section is similar to the calculator, the program 
control is the brain of the operator, the input is the calculator key-
board, and the output is that part of the calculator which causes the 
results to appear on the proper register of the machine. 
The program, "Matrix Inversion and Solution of Linear Systems," 
which was used for the comparatively simple problem solved in this work, 
was an existing general program which fitted the problem at hand. Thus, 
the only preparation necessary for use of the computer was conversion of 




Exp lo ra to iy Dyeings 
The Materials 
All of the -wool dyed in this work yras in the form of circularly 
knitted goods made from 9.88 run wool yam with an average of ten twists 
per inch. 
The chemical structures, molecular weights, and other pertinent 
information (1?) regarding the principal dyebath components which were 
used in the dyeing tests are included in the Appendix. 
Three different resist or reserve agents were investigated and 
evaluated. These agents were Synthratan ACA, a condensation product of 
a naphthalene sulphonLc acid with formaldehyde; Tamol N, a neutral sodium 
salt of a complex condensed aryl organic acid; and Naccotan A, a sodium 
salt of a sulfonated napthalene condensation product (18). 
All pretreat.Qents and dyeings were carried out in glass beakers 
of a size appropriate to the bath volume which was being used. The pre-
treatment and dyeing baths were agitated diiring each experiment by one 
of three means: small volume dyebaths by hand with glass stirring rods; 
large volume dyebaths by the Vari-Speed Stirrer; and during pH adjust-
ments, by the Mag-.̂ Iix Stirrer. All heating was done directly over an 
open gas flame. Beakers were covered ivith watch glasses during heating 
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to prevent excess loss of dyBliquor. It was necessary to remove watch 
glass covers frequently for access and agitation, and resulting liquor 
losses were not compensated for by the addition of water to the dyebaths. 
(The term "dyebath ratio" as en̂ l̂oyed in this account refers to the weight 
of dyeliquor used in relation to the weight of fiber being dyed; the 
abbreviation "o.w.f." designates the weight of dye used expressed as a 
percentage based "on the iveight of fiber" which is being treated.) 
The Pretreatment 
Standard Pretreatment Methods.—The pretreatments developed by Davis (19) 
are referred to in this work as standard pretreatments. The two methods 
of preparing raw v/ool in order to produce contrast effects in dyeing were 
carried out in this work as follows: 
Standard Pretreatment I. — Samples were treated for one hour at 
a gentle boil in a solution of U per cent phenol, containing 10 per cent 
resist agent (o.w.f.). The liquor to fiber ratio was 100:1. Samples were 
rinsed in ivater at room temperature and allowed to dry in the atmosphere. 
Standard Pretreatment II. — Samples were treated for one hour at 
a gentle boil in a solution of 6 per cent phosphoric acid, containing 
10 per cent resist agent (o.w.f.). The liquor to fiber ratio was 100:1. 
Samples v/ere rinsed in water at room temperature and allowed to diy in 
the atmosphere. 
Resist Agents.—The procedure used in evaluating the three resist agents 
is outlined below. 
Each of the resist agents, Synthratan ACA, Tamol N, and -laccotan A, 
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•was applied to sanples of wool by each of the standard pre treatment 
methods. The pretreated samples were divided into three pairs, each 
pair representing two sanples pretreated with the same agent, one by 
Standard Pretreatment I and the other by Standard Pretreatment H , A 
pair of each type was dyed in a different dyebath under three sets of 
dyeing conditions: 
1. Contrast Effect Method I Dyebath (see below, under "The Dye-
bath") with Fast Acid Yellow OS and Alizarine Sapphire ?S, dyed for 20 
ininutes at 160 degrees F, 
2. Same dyebath preparation as in 1. Dyed for k^ minutes at II4.O 
degrees F. 
3. Contrast Effect Method I Dyebath with Fast Acid Xellow GS and 
Brilliant Scarlet 3H, dyed for iiO minutes at li;0 degrees F. 
Tamol N and Naccotan A gave less satisfactory results than Synthra-
tan ACA when the concentrations specified in the Standard Pretreatment 
Methods were used. To test the effectiveness of these agents at higher 
concentrations, sanples were again pretreated as above, except that 50 
per cent (rather than 10 per cent) of each agent was used. 
Again, a pair of each type was dyed in a dyebath under the same 
conditions. The three dyebaths were each prepared by Contrast Effect 
Method I (see below) with Fast Acid Yellow GS and Alizarine Sapphire FS 
as the dyes, and dyeing conditions were varied as follows for each set of 
pairs: 
1. Twenty :d.nutes at liiO degrees F. 
2. Sixty minutes at lltO degrees F. 
3. Tv7enty minutes at lUO degrees F»; then, 20 minutes at I60 
degrees F.; and finally, 20 minutes at the boil. 
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All of the resulting dyeings were compared and evaluated on the 
basis of the degree of contrast between samples, and the levelness of 
the dyeings. These evaluations are included under the "Pretreatment" 
section of Chapter V. 
Variations of Standard Methods«—Other pretreatments were carried out 
and evaluated on the basis of dyeings performed with one pretreated 
sample and one untreated sample in the dyebath. The other pretreatraent 
mediums used were: (a) i; per cent formic acid, and (b) 1 per cent 
sulphuric acid. Pretreatments using these mediums rather than the acids 
specified in the Standard Pretreatments were conducted with all other 
conditions in accordance with the Standard Pretreatraent Methods. 
Samples pretreated by these new methods were dyed under various 
conditions in order to estLmate the efficacy of the pretreatments. The 
descriptions of the dyebath preparations and dyeing conditions are in-
cluded under the "Neiv Methods" section of this chapter. 
The Dyebath 
Contrast Sffect Method I.—The dyebath preparation devised by Davis (20; 
to obtain two color and two tone effects w i l l be refer red to in t h i s work 
as Contrast Effect Method I . The dyebaths for t h i s method were prepared 
as follows: 
Two per cent (o .w.f . ) of a leve l dyeing acid dye and 6 per cent 
(o .w. f . ) of a milling or superrailling dye were entered in a dyebath a t 
room tenpera ture . The pre t rea ted samples were entered and the pH of the 
dyebath was immediately adjusted to 6,0 by the addi t ion of a It per cent 
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dianmoniun phosphate solution. The final dyebath ratio was 6C:1, 
Concentrations of the Dyes,—The follor/ing variables yiere surveyed to ob-
tain an indication of their general effects on the dyeing process: the 
percentages of the dyes in the dyebath, the ratio bet-ween the two dyes, 
and the djnebath to fiber ratio. In each case in this series of experi-
ments, one gram samples of wool (one pretreated by Standard Pretreatment 
I and one by Standard Pretreatment II; were dyed in the same dyebath. 
The Contrast Effect Llethod I Dyebath preparation was used in all cases 
with variations as indicated in Table 1* 
All test samples cut from the wool during dyeing and the completed 
dyeings were washed in water at room temperature and allowed to dry in 
the atmosphere. The evaluation of the effects of dye ratio and concentra-
tions was based on these samples and is included under Results and Dis-
cussion. 
Effect of pH.—^During the preparation of Contrast Effect Method I dyebaths 
using sanples pretreated by Standard r&thods I and II, pH determinations 
were made on many different dyebaths by the use of the Beckman pH Meter. 
For this dyebath preparation method, certain factual data were gathered 
and these are summarized in the following paragraph. 
After the two one gram pretreated samples had been entered in the 
dyebath at room temperature and thoroughly agitated, the Fast Acid Yellow 
GS - Alizarine Sapphire F3 dye combination registered a pH of 3.0, and 
required the addition of 1.5 ml. of a i; per cent diammonium phosphate 
solution to attain a pE of 6.0. The Fast Acid Yellow GS - Brilliant 
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Table 1. Record of Bye Concentration Eaq)eriments 
Experiment 2iilling Dye 
No. Per Cent 
(o.-w.f •) 
Levelling Dye Dyebath 













































B r i l l i a n t 
Scar le t 3R 
2% 










Heated uniformly to the 
b o i l in 30 mins. Dyed 
a t b o i l for 10 mins» 
Heated to 160 degrees 
F, i n 20 mins.''^ Raised 
to bo i l i n 15 mins,'"" 
Continued a t b o i l 5 
mins • 
Heated uniformly to 190 
degrees F . over a U5 
min, per iod . 
Heated uniformly to 
the bo i l over a h$ 
min* per iod . 
Heated unifonnly t o 180 
degrees F , i n 30 mins. 
Dyed at 180 degrees F . 
for 20 mins, ('"At 10 
min. in te rva l s above 
160 degrees F.) 
"Indicates points a t which small sample cuts were taken from each 
of the two samples in the dyebath for color examination. 
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Scar le t 3R dye combination reg is te red a pH of 3-2, and required the 
addit ion of 1,0 ml, of the U per cent diaramonium phosphate solut ion to 
a t t a i n a pH of 6 .0 , In each case ag i t a t ion ivas carr ied out for five 
minutes af ter the wool samples were entered in the dyebath and was con-
tinued during the addit ion of the buffer so lu t ion . 
An experimental dyeing was ca r r ied out using samples p re t rea ted 
by Standard Methods I and 11 and Fast Acid Yellow GS and Alizar ine 
Sapphire FS in a Contrast Effect Method I dyebath without any attempt 
t o control the pH of the dyebath. The conditions of th i s dyeing are 
stmimarized in Table 2 , 
Exactly the same dyebath preparat ion and dyeing conditions as 
above were carr ied out on two samples, one pretreated by Standard Jfethod 
I I and the other untreated, for comparative purposes• The pH of t h i s 
dyebath was 3,5 throughout the dyeing per iod . 
Evaluation of these r e s u l t s i s contained in the iiesults and Dis-
cussion Chapter under "The Dyebath," 
The Dyeing 
Time and Temperature Effects,—Once the dyebath has been prepared, the 
prime variables are time and temperature. Many dyeings were conducted 
to determine the effects of time and temperature of dyeing on samples 
prepared under various pre-dyeing condi t ions . The pre-dyeing conditions 
used for these experiments are summarified in Table 3 . The dyeing con-
d i t ions for these experiments are de ta i led in the following paragraphs. 
In Experiment B-1 the dyeing was begun at room temperature and 
the r a t e of heating was constant , so tha t the dyebath temperature 




































Table 3. Pre treatments and Dyebaths for Time 
and Temperature Effect Dyeing Series 
Pretreatment Methods: Standard Methods I and II for all tests. 




No. Milling Dye Levelling Dye 

























gradually increased as the dyeing progressed. Samples were remared and 
small test patches were cut off for color determinations at the indicated 
intervals of elapsed dj'-eing time (in minutes) and dyebath tsnperature 
(degrees F.): 
Time: ^ 1^ 20 2^ 30 35 U5 55 65 
Temperature: 120 li|0 lliO II4O lUO li|0 170 190 212 
The progressive dyeing samples from this dyeing are pictured in Figure 1. 
Experiments B-2 and B-3 were run simultaneously under the same 
dyeing conditions. Dyeings were begun at room temperature and brought 
imiformly to the boil in 30 minutes. After 10 minutes at the boil, small 
test patches were cut from each sample. Dyeing was continued for a 
total of one hour at the boil. 
Experiment B-U was begun at room temperature • The dyebath tempera-
ture was brought to lUO degrees F. in 5 minutes and held at that tempera-
ture for 10 minutes. The dyebath temperature was increased to I60 degrees 
F. in 5 minutes and held constant for 10 minutes. This procedure was 
repeated at 190 degrees F, and at the boil. Small test patches were 
cut from the samples after each of the four temperature levels had been 
held for the 10 minute periods. 
Experiment B-5 was begun at room temperature, and the dyebath 
temperature was increased uniformly until the boil was reached after 32 
minutes. Dyeing was continued at the boil for 30 minutes. Pairs of 
small test patches were cut from the samples when the point of boil was 
reached and after 10 minutes at the boil. 
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Experiment 3-6 samples Tsrere entered after the dyebath had been 
broiight to the boil and pairs of test patches were removed after 10 
minutes and after 20 minutes at the boil. Dyeing was continued for a 
total of one hour at the boil. 
In this series of experiments the samples were each one gram in 
weight (two grams in each dyebath). All small test patches and the 
final dyeings were rinsed in water at room temperature and allowed to 
dry in the atmosphere. The results are simimarized in Chapter V, 
Progressive Colorations in Dyeing,—^During the courses of dyeings con-
ducted it was noted that visible changes in the color of the dyebath took 
place which were related to the colors or shades of the samples being 
dyed. A series of three dyeings which was carried out for the puipose 
of studying this phenomenon is described in the following paragraphs. 
All tests in this series were conducted with two gram samples of 
wool. One gram had been pretreated by Standard f̂ethod I and one gram 
by Standard Method II using Synthratan AGA as the resist agent in each 
case. Contrast Effect Method I Dyebath preparation was used for each 
dyeing with Fast Acid Yellow GS and Alizarine Sapphire as dyes. All 
test patches removed during dyeing and the coinpleted dyeings were rinsed 
in water at room temperature and allowed to diy in the atmosphere. The 
dyeing methods are described for each experiment. 
Experiment C-1 was begim with the dyebath at room temperature. The 
sajnples were entered and the temperature raised to 160 degrees F. in 15 
minutes and held constant for LO minutes. The temperature was then 
raised to 190 degrees F. in 10 minutes and held constant for 10 minutes. 
••::tmamiimmmiM 
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Throughout the dyeing the dye liquor --.Yas drawn into a pipette at frequent 
intervals (3-5 minutes) for observation of the visible color, and then 
returned to the dyebath. 
Experiment C-2 samples -vvere entered at room temperature and the 
dyebath temperature was brought to the boil over a hS minute period. 
Boiling was continued for 15 minutes. Small test patches were cut from 
the samples at elapsed dyeing times of 15, 25 and UO minutes. Dye liqtior 
color was examined as in the previous experiment. 
Experiment 0-3 dyebath was brought to a temperature of 180 degrees F, 
before the samples were entered. The dyebath was removed from the heat 
and samples entered. The dyebath was rapidly agitated and before the pH 
could be adjusted, the dyeliquor color changed from green to blue. Mo 
pH adjustment was made; dyebath was returned to the heat, and heated to 
the boil in 10 minutes. Dyeing was continued at the boil for 10 minutes 
with dye liquor examinations at five minute intervals after samples were 
entered. Small test patches were cut after the initial dyebath color 
change, before returning bath to heat, and at the point of boil. 
The results of this dyeing series are reviewed in Chapter V and a 
typical progression of the coloration of dyeing samples is presented by 
Figure 1. 
Reproduction of Results.—In order to assure the feasibility of obtaining 
reproducible results, two separate dyeings were carried out under the 
same set of conditions. The pretreatments for the two sets of sarples 
were by Standard Methods I and II using Synthratan ACA as the resist 
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Effect ifethod r Tvith Fast Acid Yellow GS and B r i l l i a n t Scar le t 3R as the 
dyes . 
The dyeing "was car r ied out hj entering the samples a t rooin tempera-
tu re and ra is ing the temperature up t o the bo i l over a 30 minute per iod. 
Pa i rs of small t e s t patches were cut from each bath at the point of b o i l . 
Test patches v;ere again taken a f t e r 10 minutes at the b o i l , and boi l ing 
was continued for a t o t a l of 30 minutes. Results are discussed in 
Chapter V. 
New Contrast Effect Ifethods.—Results of previous exploratory dyeings led 
to atten^Dts t o produce contras t ef fects by other methods. The experi -
ments conducted in th i s pursu i t are described i n t h i s sect ion and the 
pretreatment and dyebath preparat ions used are summarized in Table h« 
The experiment which formed the basis for most of t h i s se r ies of exper i -
ments i s described in the following paragraph: 
T̂ 7o one gram samples pre t rea ted by Methods I and 11 and a th i rd 
one gram sample of raw wool were entered in a dyebath prepared in accord-
ance with Contrast Effect Iifethod I with Fast Acid Yellow GS and B r i l l i a n t 
Scar le t 3R as the dyes. The dye weights were based on the T/eight of the 
t rea ted f ibers only. Samples were entered at room temperature, the dye-
bath 7/as raised to the bo i l over a 30 minute per iod, and held a t the bo i l 
for 5 minutes. Sanroles were r insed i n water at room temperature and 
allowed to dry . 
The pretreatment designated Method I I I was car r ied out in exactly 
the same manner as Standard Pretreatments I and I I except tha t the acid 
used T/as one per cent sulphuric acid on the weight of the f ibe r t r ea t ed . 
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The pretreatment designated Llethod IV was also carried out in exactly the 
same manner as Standard Pretreatments I and II except that the acid used 
was four per cent formic acid on the weight of the fiber treated. 
In Experiments D-1, D-2, D-5^ and D-7, the samples were entered 
at room temperatui^; tb^n the temperature was raised to the boil over a 
30 minute period and was held at the boil for 10 miniites. In Experiment 
D-3 and D-1; the same procedure was used except that the dyeing was con-
tinued at the boil for 30 minutes. The samples were entered into the 
dyebath at 180 degrees F, in Experiment D-6, brought to the boil in 10 
minutes, and held at the boil for 10 minutes. All of the dyeings in the 
"D" series were made on two gram samples — one gram of each pretreated 
wool. All completed dyeings were rinsed and dried in the usual manner. 
On the basis of this series of dyeings and other d̂ êings previously 
described, the follov/ing designations were made: 
Contrast Effect Method II - Based on the total weight of the fiber to be 
dyed, 1 per cent of a level dyeing acid dye and 3 per cent of a milling 
or sTjpermilling dye were entered in a 100:1 dyebath. iVhile the dyebath 
was at room temperature and as soon as the pretreated samples v/ere entered, 
the pH of the dyebath was adjusted to 6.0 by the addition of the required 
amount of a U per cent diammonium phosphate solution. 
Contrast Effect Method III - This was exactly the same as Contrast Effect 
Method I except that no adjustment of the dyebath pH was made. 
Contrast Effect Method lY - This was exactly the same as Contrast Effect 




Solutions to be used in t e s t runs for the purpose of f ami l i a r i za -
t i on of the operation with the spectrophotometer, ve r i f i ca t ion of the 
absence of change of pH during d i l u t i o n , and determination of optimum 
concentrations for sa t i s fac tory op t i ca l density readings ivere prepared 
i n the following concentrat ions; 
Fast Acid YellOT/ GS - 0.2^ gram in 100 ml. of aqueous so lu t ion 
B r i l l i a n t Scar le t 3R - 0,25 gram in 100 ml. of aqueous solu t ion 
Synthratan ACA - 1.00 gram in 2^0 ml. of aqueous so lu t ion . 
Five ml. samples of each of the prepared solut ions were d i lu ted 
50 fo ld . The pH of each d i lu ted solut ion was the same as the pH of the 
o r ig ina l ly prepared so lu t ions : 6 .0 . The precautions pointed out under 
"Verif icat ion of Compliance with Considerations" ( in Chapter I I ) were 
followed in th i s t e s t . 
The stock solutions of the three con5)onents were taken t o the 
spectrophotometer location and d i lu t ions as required to obtain op t ica l 
densi ty readings at wavelengths from 320 millimicrons t o 700 millimicrons 
7/ere carr ied out at the ins t r iment . Optical density readings were taken 
on each of the solutions a t f ive millimicron in te rva l s over the spec t ra l 
range which was used. 
Concentrations at which readings were obtained are l i s t e d for 
each of the so lu t ions : 
Fast Acid Yellow GS - 0.625, 0.15625, and 0.0390625 grams per l i t e r 
B r i l l i a n t Scarlet 3H - Same as for Fast Acid Yellow GS 
Synthratan ACA - li.O, 2 .0 , 1.0, and 0.125 grams per l i t e r . 
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The linear relationship of optical density to concentration for 
these components ̂ ;7as also verified by use of the above solutions. That 
is, readings at one -/vavelength and one concentration -v̂ ere translated 
mathematically into computed optical densities at other concentrations. 
These results -were compared to the actual optical density readings, at 
the same wavelength, of solutions which were of the same concentrations 
as were determined in the computations. Such calculations: 
(C one en t r at i on ) p 
(Optical Density)Q = 7 r^ X (Optical Density)^ 
^ (Concentration;^ -L 
were carried out for leadings a t various wavelengths for each of the 
solutions at each of the concentrations a t which op t i ca l densi ty readings 
were obtained. 
Generally, the r e su l t s (see Sample Calculations in the Appendix) 
were in close agreement, i n that opt ica l density calculated with the 
above foiniula approximated the ac tua l opt ical densi ty reading at a 
d i f ferent concentration, but at the same wavelength. The areas of d i s -
agreement were a t t r ibu ted to experimental errors as a r e s u l t of the i n -
experience of the operator , plus the fact t ha t op t i ca l densi ty readings 
in the following spectrophotometric scale ranges appeared inaccurate : 
lor.ver range: 0 to 0,Oi4.6; upper range 1.3 to i n f i n i t y . However, the 
over-a l l resul t s of the preliminary runs supported the conclusions tliat 
the cconponents of the dyebath to be used in t h i s v/ork did not change i n 
the l inear relationsliLp of opt ica l density to concentration at i-he con-
centrations necessary for use in the work. 
In order to t e s t for the p o s s i b i l i t y of i n t e rac t ion betv/een the 
components of the proposed dyebath mixture and to determine the shapes 
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and relationships of the absorption curves, readings laere made on solu-
tions of each of the components and on a representative mixture of the 
components. It was necessary to make readings on the dyes and on the 
mixture at two different concentrations in order to obtain optical 
density readings over the desired ranges. The concentrations which were 
used in these readings and the wavelength ranges covered for each solu-
tion are contained in Table S» 
The examination of Synthratan ACA below 320 millimicrons was done 
using the hydrogen discharge light source and quartz cells with the 
spectrophotometer• 
Representative extinction coerficient values for each of the 
solutions are contained in Table 6. Typical values obtained for extinc-
tion coefficients by calculations using Equation 8 (in the .appendix), 
and from actual optical density readings are contained in Table 7. 
Figure 2 is a graphical representation of extinction coefficients for 
each of the components at the wavelengths of interest. Sample calcula-
tions for these data are contained in the Appendix. 
The extinction coefficient curves of Figure 2 indicate the loca-
tions of the absorption curves to be properly distributed. That is, the 
"peaks" of the curves are widely separated in wavelength. The absorption 
"peaks" were located at 1x20 millimicrons for Fast Acid Yellow GS, at 500 
millimicrons for Brilliant Scarlet 3H, and at 320 millimicrons for 
Synthratan ACA. 
The agreement of the actual extinction coefficient values for the 
"dummy" dyebath mixture with the extinction coefficient values v/hich were 
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Table 5 . ViTavelengths and Concentrations Used in I n i t i a l 
Optical Density Studies 
S o l u t i o n Exajnined 
V âve l eng th 
Range y^fx 
Concent ra t ion 
• " ~ ~ "•'"•' • ' 1 
Grams per L i t e r Mols pe r L i t e r 
1 
F a s t Acid Yello^v GS 320 - 730 
^ 0 = 
0.200 °y = 0.000[i760 
320 - 500 




B r i l l i a n t S c a r l e t 3^ 320 - 700 ^ 0 = 0.200 c -
r -
O.OCO33IO 
320 - 580 
^ 0 = 
0.060 C = r 0.0000992 
Syn th ra tan ACA 215 - 675 =o = 0.800 °3 = 0.0016900 
320 - 510 ^ = 0.160 °s = 0.0003380 
R e p r e s e n t a t i v e 
IiQjcture 
320 - 675 
320 - 510 







Table 6, Extinction Coefficients of Dyebath Components 
Wavelengths Fast Acid Yellow GS Brilliant Scarlet 3R Sjmthratan ACA 








































Table 7. Comparison of Actual and Calculated 
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Ky - FAST ACID YELLOW GS 
K̂  - BRILLIANT SCARLET 3R 
Kg - SYNTHRATAN ACA 
600 
WAVELENGTH - MILLIMICRONS 
Figure 2. Absorption C"urves of Dyebath Components. 
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calculated from the individual component readings indicated that there 
%vas no interaction of the dyebath components. 
The Master Dyeing 
The pretreatments of the samples of rayf -wool -which v/ere used in 
the master dyeing were carried out by Standard Methods I and II using 
Synthratan ACA as the resist agent. A 10 gram sample of wool was pre-
treated by Standard Method I and a second 10 gram sample was pretreated 
by Standard Method II, Pretreatment was done in an exacting manner and 
samples were rinsed in water at room temperature and aHov/ed to dry 
twenty-four hours in the atmosphere. 
All of the precautions which were pointed out in the "Verification 
of Compliance with Considerations" Section of this work were closely ob-
served in the preparation of the master dyebath. The dyes used were 
Fast Acid Yellow GS, 1.20 grams (6 per cent o.w.f.) and Brilliant Scarlet 
3R, O.iiO gram (2 per cent o.w.f.). A dyebath ratio of 80:1 was used in 
order to minimize the effect on concentrations by the dye liquor removed 
as the dyeing proceeded. The dyebath was prepared as follows: 
Step No. Volume (ml.) 
1. Dye solutions placed in beaker 150.0 
2 . Dye containers r insed 150.0 
3 . Water added 1000.0 
U, Dyebath agi ta ted and pH adjusted to 6.0 1.0 
5 . 'water added, pH ver i f ied a t 6.0 237*5 
Dyebath Volume 1538.5 
6. Dyebath Sample No. 0 taken ^,0 
Dyebath Volume 1533.5 
7. Buffer solut ion added to counteract 
ac id i ty of samples 1.5 
8. Samples entered, dyebath agi ta ted 5 minutes 
and buffer added to adjust pH to 6.0 0.5 
9. Water added, ag i t a t i on continued 6h»^ 
10. pH checked a t 6.0 Final Dyebath Volume 1600,0 
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The completed dyebath -was placed over a constant i n t ens i t y gas 
flame and the dyeing -was car r ied out -with constant ag i t a t ion by means of 
the Vari-Speed S t i r r e r . The beaker containing the dyebath could be only 
p a r t i a l l y covered and the consequent loss of dye l iquor by evaporation 
was not replaced. The dyeing conditions and the removal of dyebath 
samples are sumrr.arized i n Table 8. 
The f ina l dyebath sample. No. 13, was taken af ter the dyebath had 
been removed from the hea t , the samples removed, and the excess dye l iquor 
squeezed from the samples back in to the dyebath. The f i n a l volimie iwas 
deteimned hy measurement. 
Each of the fourteen dyebath sanples (five ml. each) ?^as placed i n 
an individual f lask and d i lu ted tf/enty-five fo ld . The pH of the di lu ted 
solutions was checked and found t o be 6.0 in each case . 
The concentrations of the dyebath ccmponents, as prepared, -when 
Sample No. 0 was taken were: Fas t Acid Yellow GS — 0.78 grams per l i t e r 
B r i l l i a n t Scarlet 3H — 0.26 grams per l i t e r 
and when d i lu ted : Fast Acid Yellow GS — 0.0312 grams per l i t e r 
B r i l l i a n t Scarlet 3R — O.OIOU grams per l i t e r . 
The concentrations of the dyebath components when Sample No. 1 and subse-
quent samples v;ere taken cannot be determined by ordinary means since the 
wool had absorbed some of the dyes and Synthratan ACA probably had entered 
the dyebath from the wool as a res i i l t of the pre t rea tments . 
The following sect ion is concerned with the means used to estimate 
the concentrations of each of the dyebath components by spectrophotometric 
examination of the dye l iquor samples taken as the dyeing proceeded. 
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0 85 1 5 1600 
5 108 2 10 1595 
10 129 3 15 1590 
15 150 U 20 1585 
20 168 5 25 1580 
23 175 6 30 1575 
26 18U 7 35 1570 
29 122 8 UO — 
32 200 9 U5 — 
35 206 10 50 — 
UO Boil 11 55 — 
li5 Boil 12 60 — 
50 Removed from heat 13 6^ 13i;5 
1̂0 
Computation of Concentrations 
Each of the diluted dyebath samples (Numbers 0 through 13) was 
placed in the spectrophotometer and optical density readings were taken 
at 330, 350, U20, U30, 500, and 510 millimicrons. The optical densities 
of standard solutions of each of the dyebath components at known concen-
trations had been previoiisly determined for the same wavelengths as shown 
in Table 6. 
The optical densities of the standard solutions at the wavelengths 
which were to be used in the calculations of the concentrations of the 
master dyebath v/ere converted to unit concentrations (see "Derivation of 
Formulae" in Appendix) and are shown in Table 9. The optical densities 
obtained for each of the dyebath samples are shown in Table 10, Tables 
9 and 10 will be found in the Appendix, 
The progressive concentrations of the dyebath were then determined 
by using these two sets of data (from Tables 9 and 10) in Formula 6 in 
the Appendix, In this formula as applied to this problem: 
D-| - optical density of a dyebath sample at 330 or 350 millimicrons 
Dp - optical density of a dyebath sample at U20 or ii30 millimicrons 
D - optical density of a dyebath sample at 500 or 510 millimicrons 
and: 
Y , Y , Y - optical densities (at unit concentrations) of Fast 
•̂  ^ ^ Acid Yellow GS at wavelengths corresponding to those 
used for the dyebath 
and similiarily for the R^, R , R values for Brilliant Scarlet 3H and 
the S,, Sp, S- values for Synthratan ACA, 
The optical density values for wavelengths 350, U20, and 500 were 
entered into the foi^ula as described above and a desk calculator was 
la 
used to solve for the concentrations (y, r, and s) of each of the components 
in each of the fourteen dyebath samplings• 
In order to assure accuracy and to obtain the most valid set of re-
s\LLts, it -was decided to use all possible wavelength combinations, solve 
all equations, and compare results. Thus, experimental error might be 
indicated in some sets of data, the erroneous data eliminated, and the most 
representative set of results used. There -were eight possible combinations 
of sets of readings at the six -wavelengths -which -were used -with thirteen 
readings for each dyebath con̂ Donent in each set. The mathematics involved 
•were lengthy, and there may have been errors in calculations. 
In order to assiare accuracy and obtain results in the fastest man-
ner, the data -were arranged in program foim and the Univac Scientific 1101 
Coinputer -was used to perform the computations. Eight runs -were made on 
the computer with the eight different sets of input data, and resulted in 
eight solutions for the concentrations of each component of the dyebath 
at each stage of the dyeing -where a dyebath sample was taken. 
The results from the compu-ber for the wavelength combination of 
3^G, k20, and 500 millimicrons agreed exactly with the results which had 
been compu-bed with a desk calculator for the same wavelengths. This 
supported all results as to mathematical accuracy and correct machine 
operation. 
The results of the eight se-bs of concentration determinations on 
the computer are contained in Table 11. The results are arranged in sets 
of wavelength combinations with the thirteen concentration estimates for 
each of the three dyebath con̂ Donents in columns. The columns represent 
the dyebath concentrations as the dyeing proceeded, with the first sample 
U2 
results at the top of each column and the other sample results following 
in order down the columns. The results of the most reoresentative and 
reliable combination of data are presented graphically in Figure 3 (in 
Chapter V). 
The sample pretreated by Standard Method I was dyed a medium bright 
red. The sample pretreated by Standard I'fethod II was dyed a medium bright 
orange. The colors of the samples were similar to those of the final dye-
ings shown in Figure 1# 
Pre treatment i'easurements 
This series of experiments was designed to study the behavior of 
Synthratan ACA when used as a resist agent in the pre treatment of wool 
fibers. One pre treatment was carried out by Standard Method I and another 
by Standard Method II with wool samples weighing 3*50 grams in each bath. 
The final volumes of the two pretreatment baths were measured after the 
samples had been removed and the excess liquid squeezed from them back 
into the respective baths. Samples were taken from each of the final 
bath liquors. Both wool samples were rinsed in water at room temperature 
and allowed to dry in the atmosphere. 
The dry wool samples were both entered into a bath of distilled 
water and subjected to the same temperature and time of dyeing conditions 
as had been used in the master dyeing. The samples were removed, excess 
liquid squeezed back into the bath, the volume of the bath measured, and 
a sample of the liquor taken, 
Tk'vo grams of untreated wool was entered in a 120 ml. bath of dis-
tilled water and exactlĵ  the same procedure was followed as was explained 
U3 
in the previoiis paragraph. This vras termed a boil-off bath. 
The above four undiluted sanples were examined with the spectro-
photometer at a wavelength reading of 3^0 millimicrons. The optical 
density readings were used to estimate the amount of Sjnithratan ACA 
absorbed by the wool in each pretreatment and the amount which might be 
expected to be removed from the same samples solely by the time and 
temperature effects of a dyeing process. The reading on the untreated-
wool bath was for the purpose of obtaining an indication of the optical 
density due to the impurities which might be removed from a wool sample 
in pretreatment. The results are summarized in Table 12 in the Appendix. 
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CHAPTER V 
RESULTS Mm DISCUSSION 
No attempt mil be made in this section to describe the individual 
saTiples from dyeings. Rather, the results of each series of dyeings will 
be summarized on the basis of the over-all results and the best judgment 
of the author. Contrast effects are very difficult to evaluate by visual 
examination. In each case, every effort was made to examine the dyeings 
objectively and to judge them without any consideration for eye appeal of 
the colors. It was concluded that levelness can be attained by using the 
proper dyebath preparation and dyeing conditions. Therefore, the level-
ness of sanroles from tests carried out will not be discussed unless it 
was an important factor in the particular test. 
The Pretreatment.—On the basis of the tests conducted to compare the 
efficacy of three different products as resist agents in the Standard 
Pretreatment Methods, the decreasing order of effectiveness was indicated 
to be: Synthratan ACA, Tamol N, and Naccotan A. Increasing the concen-
trations of Tamol N and Naccotan used resulted in no visible improvement 
in the degree of contrast oroduced. Samples pretreated by each resist 
agent did, however, yield contrast effects. All three agents are con-
sidered satisfactory for use as resist agents. The products tested were 
not made for use as resist agents in wool dyeing and it is quite possible 
that some other product might prove even more effective than Synthratan 
ACA. 
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It was found that samples pretreated with 50 per cent Tainol N did 
not yield satisfactory contrast resiilts after three days of storage 
following the pretreatment. San5)les pretreated with Synthratan ACk lost 
some effectiveness after ten days storage, but only to a small extent. 
Samples pretreated by Standard Method I, phenol, absorbed more of 
the levelling acid dye faster than untreated wool. However, when un-
treated wool was dyed in the same dyebath with samples pretreated by 
each of the standard methods, the degree of contrast between the phosphoric 
acid pretreated sanple and the untreated sample was much greater than that 
between the phenol pretreated san̂ jle and the xmtreated wool. This in-
dicated that the contrast effects, obtained by use of the standard pretreat-
ment methods and Contrast Effect Method I dyebath, were due primarily to 
the resistance of the phosphoric acid-resist agent pretreated san^le to 
the levelling dye. 
Sulfuric acid and formic acid each were satisfactory as pretreat-
ment mediums. However, samples pretreated with solutions of these mediums 
did not yield as great a degree of contrast as samples pretreated by 
Standard Method I, phosphoric acid, and dyed under the same conditions. 
The %ebath.—The limited study of the effects of varying the dye concen-
trations showed that a slight improvement in contrast can be obtained by 
using a 100:1 dyebath ratio instead of the 60:1 ratio of Contrast Effect 
Method I. Contrast also appeared more definite when 3 per cent (rather 
than 6 per cent) of the milling or supermilling dye was used with 1 per 
cent (rather than 2 per cent) of the levelling dye. Changes from the 3-1 
ratio between the dyes produced differences in shades rather than changes 
I 
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in the degree of contrast. 
The pH of the dyebath is considered to be important to the levelness 
of dyeings rather than the contrast attained. Samples dyed in an unbuffered 
dyebath showed good contrast but irregular and inadequate penetration of 
the dyes into the fiber. Once the dyebath is properly buffered (samples 
well agitated for not less than five minutes during addition of buffer 
solution), the pH remains constant during dyeing. 
All the dyes used in this work produced good contrast and level dye-
ings when the standard pretreatments were used and the dyes were applied 
from Contrast Effect Method I dyebaths with the proper dyeing conditions. 
The Dyeing.—Preliminary dyeings indicated that eyeing conditions affect 
not only the color, or shades of the same color, obtained from a dyeing, 
but also the degree of contrast produced. It was found that, for two 
combinations of dyes (Fast Acid Yellow CS with either Alizarine Sapphire 
FS cr Brilliant Scarlet 3R)> there is a critical temperature below which, 
the levelling dye did not dye the phosphoric-pretreated sample but dyed 
the phenol-pretreated sanple lightly. Above the critical temperature, 
bo-Ui samples were dyed by the levelling dye, but the phenol-pretreated 
san?)le was dyed to a darker shade. The milling or superrailling dye went 
on the fiber veiy rapidly above 100 degrees Fahrenheit and was almost en-
tirely exhausted from the dyebath at the critical temperature. The critical 
temperature for the Fast Acid Yellow GS-Alizarine Sapphire FS combination 
was 170 degrees Fahrenheit. For the Fast Acid Yellow GS-Brilliant Scarlet 
3R combination the critical tonperature was 200 degrees Fahrenheit, The 
longer the dyeing was continued, the closer the two samples approached 
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the same shade of the same color. Samples c3yed with each of the combina-
tions showed little contrast after an hour at the boil. 
"When the dyebath was heated above the critical temperature and the 
samples entered, the milling dye was exhausted within five minutes and 
the entire dyeing process was accelerated. In dyeings with Fast Acid 
Tellow GS and Alizarine Sapphire FS, the change of the dyebath from green 
to blue due to the exhaustion of the yellow dye was plainly visible. 
Figure 1 illustrates the typical coloration of samples when pre-
treated by the standard methods and cfyed in a Contrast JEffect Method I 
Dyebath. With either combination of dyes, two colors can be obtained by 
stopping the dyeing at or just below the critical temperature* Two tones 
(or shades) of the same color can be obtained by continuing the dyeing 
process until the desired shades are obtained. 
It was found that maximum two-color contrast was obtained by enter-
ing the samples at room temperature, bringing the dyebath up to 10 degrees 
below the critical temperature over a 30 minute period, and holding the 
temperature constant for 15 minutes. Optimum two-tone contrast was ob-
tained by entering the samples at room temperature, bringing the dyebath 
up to a gentle boil over a 30 minute period, and holding at the boil for 
1$ to 30 minutes depending on the depth of shade required. 
The optimum two-tone effect dyeing conditions (30 minutes at the 
boil) were applied to two sets of samples pretreated by standard methods 
and dyed in two separate dyebaths, prepared by Contrast Effect Method I 
with Fast Acid Yellow GS-Brilliant Scarlet 3R dyes. The dyeings resulted 
in two pairs of samples which were identical in contrast and in the shades 
of red on the corresponding samples of each pair. 
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As previously stated, at the concentrations investigated, both sul-
furic acid and formic acid proved inferior to phosphoric acid as a pre-
treating solution for use in Standard Pretreatment H . Fast Acid Tellow 
NGS gave good contrast effects when used as the milling dye in the New 
Methods tests. It is expected that most milling dyes should give good 
results, since the contrast obtained depends primarily on the resisting 
of the levelling dye by a pretreated sample (see below under "The 
Mechanism.") Dyeings carried out with one untreated sample and one 
sample pretreated by Standard Method II resulted in contrast effects 
which were slightly less satisfactory than when one sample was pretreated 
by Standard Method I and the other by Standard Method II. 
The Mechanism.—The first important aspect of contrast-effect dyeing 
studied in this work is the pretreatment of the wool fiber. The very 
high affinity of phenol for wool is probably due to strong hydrogen bond 
formation. Alexander and Hudson (21) state that phenol replaces bound 
water in the wool fiber and swells the fiber to an abnormal extent. The 
great swelling is probably due to the size of the phenol molecule as com-
pared to a molecule of water. Thus, the phenol-resist agent pretreatment 
results in greatly increased internal surface area in the fiber, and in 
the absorption of the resist agent which behaves essentially as a color-
less dye (22). 
Speakman and Stott (23) found that wool absorbs much greater 
quantities of weak acids than of strong acids. With weak acids the 
swelling increases with concentration of the acid and is not repressed 
by an excess as with strong acids. Swelling in strong acids is very 
small as compared to that caused by weak acids. 
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The effect of the phosphoric acid pre treatment is more complex. 
Steinhardt, Fugitt, and Harris (2ii) shoT? that the Gilbert-Rideal theory-
leads to an equilibrium constant for the adsorption of hydrochloric acid 
which jijstifies the assumption that the chloride ion has no specific 
affinity for the wool fiber. A feiif acids — phosphoric, formic, and 
sulphamic — have abnormally lov? anion affinity for wool, even lower 
than hydrochloric (2^). In the case of phosphoric acid this may be 
attributed to the strong hydrogen bonding action which takes place 
between water and the acid. Therefore, it can be concluded that as a 
result of the small amount of swelling that does occur, the phosphoric 
acid does assist in making the fiber more accessible to the resist agent, 
but that dye sites are not strongly occxgaied by the acid. 
In summary, the phenol pretreated sample is swollen, and dye sites 
are occiipied by the resist agent and by the acid. The phosphoric acid 
treated sample is probably little more accessible to an acid dye than 
normal wool in water, and the dye sites are taken vp by the resist agent 
and loosely bonded acid. Thus, the stage is set for a difference in the 
rate of dyeing between the two san5)les in the same dyebath. 
Reaction in a porous solid in contact with liquid involves the 
following steps (26): 
(a) Transport of reactants to or products away from the surface. 
(b) The solution of reactants at the surface. 
(c) The diffusion of reactants and/or products through the solid 
phase. 
(d) Chemical reaction at the sites. 
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The slowest process governs the over-all rate of the reaction. It has 
been shown (27, 28) that steps (b) and (d) take place very rapidly as 
coinpared to the migration steps. In a dyebath with a high concentration 
of dye and rapid agitation, it can be assumed that step (a) will take 
place faster than step (c). Therefore, in the norraal dyeing situation 
the diffusion within the fiber controls the over-all rate of dyeing for 
a single dye. 
Vickerstaff (29) asserts that three factors influence the adsorp-
tion of dyes in a mixture: 
(a) Competition between the different dye anions for the available 
surface• 
(b) Effect of each dye in contributing to the surface charge of 
the fiber. 
(c) Interaction between dyes in solution. 
The verification of compliance with considerations for measuring 
light absorption indicated the absence of interaction between the dyebath 
components used in this work. Thus, the first two factors together with 
the over-all rate controlling step, must control the rate of dyeing for 
the dye mixture used in this work. 
The last factor that will be taken into consideration is the relative 
affinities of the dyebath components. In general, polysulphonated dyes 
are adsorbed from neutral solutions to a much lower extent by wool than 
are monosulphonated dyes (30) • Townend (31) has related the contrast 
producing ability of dyes to the number of sulphonic groups of the dyes. 
The more sulphonic groups present, the better the contrast effect. The 
greater affinity of monosulphonated milling and super-milling dyes can 
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be attributed to the fewer dye sites (ionic linkages) required for mono-
sulphonated dyes, the planar configuration of milling dyes which contri-
butes to Van der Waals attractions, and the highly hydrophobic nature of 
itdlling dyes, ffeggy (32) suggests that the most important factor in 
determining affinity is the hydrophobic nature of the dye molecule. The 
dye and the wool can be visualized as linking in the hydrophobic area of 
the wool with a reduction in the potential energy of the dye molecule. 
A wool fiber dyed from a dyebath of high pH should therefore present a 
hydrophilic (negatively charged) surface. The rate of dyeing in a mix-
ture is mainly dependent on the relative affinities of the dyes, and 
the difference in behavior between two dyes is entirely a rate effect (33). 
With all of the above factors in mind, it is possible to postulate 
an explanation of the changes in concentrations of the dyebath components 
which took place in the contrast-effect dyeing process as illustrated in 
Figure 3* 
The phenol pretreated sample is more accessible than the phosphoric 
acid pretreated sample. The surface dye sites and at least some of the 
internal sites of the wool fiber are occupied by the colorless dye (resist 
agent) in both sainples, plus the strongly bound phenol in one case, and 
the weakly bound phosphoric acid in the other. The competition of the 
dyes for surface sites and the effect of each dye in contributing to the 
surface charge of the fiber form a secondary rate effect. 
The affinity of Fast Acid Yellow GS is much greater than that of 
Brilliant Scarlet 3R or that of Synthratan ACA. The relative affinities 





























y _ FAST ACID YELLOW GS 
r - BRILLIANT SCARLET 3R 
s _ SYNTHRATAN ACA 
SAMPLE NO. TEMP. (F.) TIME (MIN.) 
1 85 0 
2 108 5 
3 129 10 
4 150 15 
5 168 20 
6 175 23 
7 184 26 
8 192 29 
9 200 32 
10 206 35 
11 Boil 40 
12 Boil 45 
12 ——. 50 
SAMPLE NOi 
Figure 3« Concentrations of Dyebath Components Master Dyeing. 
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assumed to be of the same order on the basis of similar chemical configura-
tion (see Dyebath Componoits and Chemical Structures in the Appendix). 
For the sake of brevity these dyes will be referred to as follows: 
Fast Acid Yellow GS — "yellow"; Brilliant Scarlet 3R — "red"; and 
Synthratan ACA — "Colorless"• 
Referring to Figure 3> when the dyeing was begun, the yellow dye 
began to exhaust rapidly from the dyebath onto the surface of both samples 
with a consequent displacement of the colorless dye from the fiber. At 
168 degrees F., the colorless dye began to compete with the yellow dye 
for dye sites. Approximately 70 per cent of the yellow dye was on the 
fiber at this point and when the concentrations of the yellow and the 
colorless dye in solution approached the same value, the rate of dyeing 
of the yellow dye was retarded. The red dye concentration in the dyebath 
remained constant during this period* 
From about 170 degrees F, up to about l8ii degrees F,, the colorless 
dye continued to compete with the yellow dye and both dyed at the same 
rate. At about l8ii degrees F,, the yellow dye again started to replace 
the colorless dye and this continued up to about 200 degrees F, At this 
point the yellow dye was about 90 per cent e:diausted from the dyebath. 
The red dye had not appreciably exhausted from the (fyebath up to this 
point. 
At about 200 degrees F, the colorless dye again dyed the fiber at 
a rate similar to that of the yellow dye up to a temperature just below 
the boil. At this stage the red dye began to dye the fiber for the first 
time. The concentration of the colorless dye in the dyebath remained al-
most constant after the boil was attained, the red dye exhausted about 
ĤÊ -" 
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27 per cent from the solution, and the yellow dye continued to almost 
complete ê diaustion. 
The initial rapid dyeing of both wool samples and displacment of 
the colorless dye by the yellow cfye is attributed to the high affinity 
of the yellow dye which caused a strong surface absorption. It would 
appear that at 168 degrees F,, the over-all rate controlling effect of 
diffusion into the fiber became operative. Due to the high affinity of 
the yellow dye, its rate of diffusion should be slow, and possibly all of 
the surface sites had been occupied by the yellow dye. From this point 
the yellow dye began to penetrate the fiber, its dyeing rate was slowed, 
and the colorless dye in solution could compete for surface sites. Then, 
at 18U degree F. the yellow dye began to replace the colorless dye in 
the interior regions of the fiber. Thus, all of the surface sites were 
again unavailable to the colorless dye, being filled either by the yellow 
dye or molecules of the colorless dye which had been displaced from the 
interior of the fiber. 
The yellow dye continued to displace the colorless dye from both 
the interior and the surface of the fiber until a temperature of 200 
degrees F, was reached. At this point the yellow dye was almost com-
pletely exhausted from the solution. Surface sites again became avail-
able to the colorless dye and again the yellow and colorless dyes each 
dyed the fiber at about the same rate. 
The red dye was effectively blocked from the phosphoric pretreated 
sample by the relatively inaccessible fiber and the colorless dye, as 
well as from the phenol pretreated sawple by the colorless dye. As soon 
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as the yellow dye, which had a much stronger affinity for the surface of 
the wool, took up the available surface sites on both samples of wool, 
the red dye was blocked by the hydrophilic portion of the yellow dye 
which imparted a strong negative charge to the fiber surface. 
Not until the yellow dye was almost exhausted (at 206 degrees F,), 
could the red dye successfully compete with the colorless dye and occupy 
the surface sites >rtiich had become available as a result of diffusion of 
the yellow dye into the fiber. The lack of penetration of the red dye 
is indicated by the last reading, taken after the samples were removed 
and excess liquor squeezed back into the dyebath beaker. The concentra-
tions of the yellow and colorless dyes in solution decreased at this 
point while that of the red dye increased. 
The preference of the red dye for the phenol pretreated sample is 
explained by several factors. The swollen state of the fibers due to the 
phenol pretreatment facilitated exit for the colorless dye molecules and 
entry for the larger molecules of the red dye. Since phenol has a much 
higher affinity for wool than phosphoric acid, it is likely that more of 
the sites in the phosphoric pretreated sample were occupied by the color-
less dye, and more of the internal sites remained occupied during dyeing. 
Also, the diffusion of the yellow dye into the phosphoric sample was 
slower so that surface sites became available sooner on the phenol pre-
treated sample. Measurements of the absorption of the resist agent (color-
less dye) indicated that 63.U per cent of the resist agent applied was 
absorbed by the phosphoric acid pretreated sample, as opposed to 5l»7 
per cent for the phenol pretreatment. These measurements cannot be con-
sidered quantitative, as will be pointed out, but should indicate the 
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relative amount of the resist agent absorbed by the samples. 
Sources of Error.—Several sources of error could not be eliminated in 
this work. First, Vickerstaff (3ii) states that even in simple binary 
mixtures the accuracy of estimation of dyes in solution is much less 
than is the case where single dyes are involved. Therefore, the 
calculated concentrations of the dyebath components must be considered 
as estimates only. 
The possibility of impurities from the wool also cannot be over-
looked, as indicated by the spectrophotometric reading obtained from the 
boil-off of raw wool (see Table 12). However, this factor should have 
been negligible in dyebath readings since any impurities from the wool 
should have been removed in the pretreatments • 
The low optical density readings for Synthratan kCk in the visible 
region of the spectrum as compared to the readings for the two dyes is a 
third source of possible errors. This was the reason for the several 
computations of concentrations with different data. The most representa-
tive set of data for the computations was selected, but small errors in 
readings on the spectrophotometer can result in large errors in concentra-
tion calculations. Finally, the possibility of experimental error is 
always present. 
The results of the concentration determinations seem reasonable 
and bear out the basic ideas which were held concerning the dyeing 
mechanism. However, the concentration results are presented as the best 
estimates which could be obtained and not as quantitative data. It 
follows, of course that the explanation of the dyeing mechanism, based 




It can be concluded that the dyeing process investigated in this 
work is a satisfactory method of producing contrast effects, 
Synthratan ACA. is the most effective resist agent of those examin-
ed. The essential pretreatiaent for contrast effects by this method is 
the phosphoric acid. Standard Pretreatment II. Good contrast results 
can be obtained by using untreated wool in place of Standard Pretreatment 
I in the (̂ eing process. 
The use of three per cent of a milling or super-milling dye and 
one per cent of a levelling dye with a 100 si bath ratio with the other 
specifications of Contrast Effect Method I, results in improved contrast 
effects. A pH of 6.0 for the dyebath retards the (̂ eing rate and promotes 
levelness. 
When the Standard Pretreatraents and Contrast Effect Method I Dye-
baths are used the degree of contrast and the colors, or tones of the 
same color, obtained, are governed by the rate of dyeing. The rate effect 
is a function of dyeing conditions. Therefore, the time and temperature 
determine the results obtained. 
The selection of dyes for use in this method of dyeing should be 
based on the affinities of the dyes for wool. The milling or super-mill-
ing dyes should possess h i ^ affinities, the levelling dyes lower affini-
ties. 
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In order to obtain more pronounced contrast effects with this 
basic method, the most desirable solution would be an improvement in the 
resist treatment (such as a resist agent with a higher affinity) which 
would cause wool to resist levelling acid dyes more con?)letely at 




It is recommended that the framework of information established 
in this work be used as the base for a systematic study designed to 
develop the best possible contrast effect method. The best method in 
this case wiH be the one best suited to commercial purposes as far as 
expense, simplicity, and uniformity of results are concerned. 
The first approach should be to improve the pre treatment so that 
the maximum degree of contrast can be attained* Although theoretical 
considerations indicate that a phosphoric acid solution is the best pre-
treatment medium, comparative studies with such acids as sulfuric, formic 
and hydrochloric should be undertaken in order to confirm the indication. 
After the best pretreatment medium has been established, the con-
centration of that acid idiidi produces maximum contrast without appreci-
able damage to the wool fiber should be ascertained. A similar systematic 
elimination should be followed to evaluate some of the more recent commer-
cial products which indicate good possibilities as resist agents. When 
the best resdst agent has been determined, further tests should be made 
to discover the optimum concentration for use with the selected applica-
tion medium to produce the best contrast results. 
Once the method of producing maximum contrast has been found, any 
additional studies of dyebath preparation and dyeing conditions which 
might be necessary, should be fairly simple. The principal questions 
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involving the dyebath preparation vi/hich remain to be ans-.vered are the 
actual value of pH control and the most desirable pH to be used in 
dyeing. The latter topic should be investigated as related to levelness 
of dyeing results. 
No extensive investigation of dyeing conditions for the dyes 
which have been used should be necessaiy unless a radical change in pre-
treatment is made. 
After the above studies have been completed, the range of each 
type of acid dyes which may be used in producing contrast effects should 
be expanded and the developed process evaluated as to general applicabil-
ity. 
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A P P E N D I X 
62 
Table 9. Optical Densities at Unit Concentrations Tor 
Dyebath Components Used in Master Dyeing 





R r i l l i a n t 
Scar le t 3R Synthratan ACA 
330 Y^ = 10.2500 R̂^ r 12.0000 s^ = 3.87500 
3^0 Y-̂  = 12.5000 \ = 5.U500 s^ = 1.03125 
U20 Ŷ  = 33.1250 R^ r 6.2500 3 r 0.06250 
U30 Y2 = 31.U375 R2 r 7.1250 s^ = 0.06250 
500 Y3 = 3.0625 R = 22.5000 s = 0.06250 
510 Y = 1.8750 R^ r 21; .1250 s = 0.31250 
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D-̂  Values 
1 O.I1I50 O.U3OO 1.0550 1.0U50 0.3000 0.2810 
1 o.uioo O.UOOO 0.9800 0.9000 0.3100 0.2810 
2 o.Uooo 0.U200 1.0000 0.9800 0.3250 0.2900 
3 0.3950 O.UIOO 0.9000 0.9600 0.3300 0.2960 
i ^ 0.3U00 0.3250 0.7350 0.7200 0.2850 0.2750 
\ ^ 0.2^00 0.2100 0.3750 0.3550 0.2650 0.2700 
1 ^ 0.2300 0.1800 0.3U50 0.3200 0.2600 0.2600 1 7 0.1875 0.1350 0.2U50 0.2600 0.2500 0.2500 
' 8 0.1700 0.1150 0.1600 0.1600 0.2U50 0.2U50 
9 0.1750 0,0950 0.1500 o.iUoo 0.2350 0.2350 
10 o.iuoo 0.0800 0.0925 0.1000 0.2250 0.2250 
11 0.1250 0.0800 0.0800 0.0900 0.2000 0.2000 
12 0.1050 0.0575 0.0600 0.0650 0.1700 0.1700 
13 0.1025 0.0550 0.0525 0.0625 0.1750 0.1750 
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Table 11# Results of Concentration Determinations by the Computer 
(All concentrations are in grams per liter in the dilute samples used 
for spectrophotometer readings). 
Set I 
330 - U2Q - 500 
Concentrations 
Set U 
330 - U20 - 510 
















.02769 .01000 .00157 •02779 .009hS .00302 
.02819 .01062 -.00U23 .02833 .00985 -.00221 
.0250U .01126 .00083 .02523 .01026 .003U2 
.02031 .00989 .00337 .0203li .00977 .00369 
.00933 .010[.9 .00736 .0093^ .01037 .00768 
.0081x5 .01039 .OOU83 .00851 .OlOOU .00575 
.005Lii .01038 .00211 .0068U .00988 -.00351 
.0028U .010U9 .00386 .00296 .00985 .00552 
.00261 .01007 .00706 .00271 .oo9ia .00877 
.00093 .00987 .00313 .00105 .00918 .00U92 
.00073 .00878 .00308 .00087 .00816 .ooii69 
.00039 .007U9 .00285 .000U9 .0069S .00l|26 
.00012 .00776 .00212 .00022 .00719 .00360 
Set III 
330 - U20 - 500 
Set IV 













































.026ii6 .00951 .00637 
.02896 .00982 -.00377 
.02825 .01013 -.ooia5 
.02069 .00975 .00282 
.00892 .01038 .00876 
.00788 .01007 .00732 
.00603 .00991 -.OOliiS 
.0028U .00986 .00582 
.00230 .0O9ii3 .00987 
.00109 .00918 .OOl;82 
.00101 .00816 .00i;3U 
.OOOI48 .00695 .00)428 
.00035 .00718 .00327 
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Table 11, Results of Concentration Determinations by the Computer 
(continued) 
(All concentrations are in grams per l i t e r in the dilute samples used 
for spectrophotometer readings). 
Set VII 
350 - li30 - 500 
Concentrations 
Set V Set VI 1 
Sample No, 
1 -
350 - U20 - 500 350 - It20 - 510 ^ 
Concentrations C on oentr ations 
1 
.02770 
r s y r s 
.01001 -.00075 .02779 .009U8 .00089 
2 - .02817 .01058 .00985 .0283U .00965 .01270 . 
3 - .02500 .01117 .03559 .02525 .00979 .03980 
U - .02030 .00986 .OI70U .02035 .00959 .01787 
5 - .00929 .OlOll .03602 .00937 .00998 .03735 
6 - .008U3 .01036 .01765 .00852 .00987 .01916 
7 - .00678 .01020 -.00518 .OO68U .00989 -.001̂ 21 
8 - .00282 .oioUU .02216 .00297 .00960 .02U7U ' 
9 - .00261 .01007 .00721 .0027U .OO9I4I .0092ii 1 
10 - .00091 .0098li .01i;57 .00106 .00902 .01707 
11 - .00073 .00873 .02266 .00088 .00789 .02521 1 
12 - .00038 .007U7 .01167 .00050 .00683 .01363 
13 - .00010 .00773 .01120 .00023 .00706 .01325 
350 - U30 - 510 
Con centrations 
Sample No. 7 
.02630 
r s 1 
.026U7 
r s 
1 - .01016 .015U7 .00936 .01753 
2 - .02878 .01052 .00279 .02896 .00971 .00U91 
3 - .02808 .01085 -.00009 .02826 .01005 .00198 
k - .02065 .00982 .0129U .02070 .00962 .0131̂ 7 
5 - .OO88U .010ii6 .Oia21 .00895 .0099U .oii255 
6 - .00776 .OIOI43 .02531 .00790 .00981 .02691 
7 - .00593 .01029 .00li66 .00603 .00982 .00589 
8 - .00267 .0101̂ 6 .02386 .00286 .00959 .02611 
9 - .00213 .01012 .01277 .00230 .00937 .011̂ 71 
10 - .00092 .00983 .OliM .00110 .00903 .01651 
11 - .00085 .00871 .02127 .00102 .00791 .02337 
12 - .00035 .0071J7 .01202 .000li9 .00683 .01369 
13 - .0022 .00772 .00988 .00036 .00708 .01156 















1 Pretreatment II 
350 198 0.880 0.8533 
350 213 0.620 0.6012 
Byebath Minus Dye k20 350 0.070 0.0679 











j Pretreatment I 0.350 0.169C ) .1810 
Pretreatment II 0*350 0.1281 .2219 
Dyebath Minixs Dye 0.0 0.023€ \ .3791 
Bath 
% Synthratai ACA 
in Bath Absorbed 
by Fiber 
% Synthratan ACA 
on Fiber Desorbed 
to Bath 
Pretreatment I 51.7 — 
Pretreatment II 63.U — 
Dyebath Minus Dye - - 5.9 
' W ^ • 
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DYEBATH COMPONENTS AND CHEMICAL STRUCTURES 
NaOjS / VN=MV NH 
FAST ACID YELLOW GS (C.I. 145) 
A MONOAZO MONOSULPHONATED DYE 






/ \ / \ V \ SO,N 
V^S A / 
ALIZARINE SAPPHIRE FS (C.I. 1054) 
AN ANTHRAQUINONE DISULPHONATED DYE. 
MOLECULAR WEIGHT - 474.2 
HO NH. 
HO 





BRILLIANT SCARLET 3R (C.I. 185) 
A MONOAZO TRISULPHONATED DYE. 






ESTIMATED MOLECULAR WEIGHT - 472.2 
Figiire 1 . Dyebath Components and Chemical S t r u c t u r e s . 
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DERIVATION OF FOHMUIAE 
The Basic Spectrophotometric Formula-Laws of 
Light Absorption (^) 
Lambert's law - The fraction of l i g h t absorbed by a substance i s 
independent of the i n t ens i ty of t h e l i g h t . 
Expressing the law in terms of the thickness of the absorbing mediums 
^ t - ^ o ( « • ' ' ) 
Where: I. = the intensity of light transmitted through a 
solution or solid 
I * the intensity of light incident on the absorbing 
body 
a « a constant 
d » thickness of the solution or solid 
•iHHHHHHt-
Beer*s law - The absorption of light by a colored solution is proportional 
to the number of molecules of absorbing substance through 
which the light passes* 
Mathematically: 
^t = ̂ o («•'"> 
Where: b « a constant 
c = the concentration of the colored solut ion 
•JHaHBHHi-
Combining the mathematical statements of the two laws: 
T ^ f -kcd\ 




Optical density, D, i s defined by the equation: 
I Q 
T) « log^Q ^ 
Combining this equation with the next previous one: 
D « kcd (1) 
The basic formula in spectrophotometric work is (Hi): 
D - kod = (-loĝ o 3S5) (1) 
Where: 
D - Optical density (read from spectrophotcmeter) 
k - Extinction coefficient 
c - Concentration of sample in solution (mols per liter) 
d - light path of the cell (centimeters) 
T - Per cent transmission (read from spectrophotometer) 
Rearranging formula (1): 
k - ^ 
cd 
A constant value of 1,00 cm. being assumed for d, then: 
k - 2 - ( la ) 
c 
•JHHttHHf* 
Density of Mixture Expressed in Terms 
of the Mxture Con^onents 
Where: 
D - Optical density of a mixture (In this case Fast Acid Yellow 
plus Brilliant Scarlet 3R plus Synthratan ACA) 
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Y - Optical density of Fast Acid Yellow GS 
R - Optical density of Brilliant Scarlet 3H 
S - Optical density of Synthratan ACk 
y - Concentration of Fast Acid Yellow GS in a known standard 
^ solution (grams per liter) 
r - Concentration of Brilliant Scarlet 3R in a known standard 
solution (grams per liter) 
s - Concentration of Synthratan AGA in a known standard solution 
(grams per liter) 
m - Concentration of a known standard mixture (grams per liter) 
y - Concentration of Fast Acid Yellow GS in unknown mixture 
(grams/liter) 
r - Concentration of Brilliant Scarlet 3R in unknown mixture 
(graiiB/liter) 
s - Concentration of Synthratan ACA in unknown mixture 
(grauB/liter) 
Then: 
I)--2^Y + -^R+-2.S (2) 
^o ^o ^o 
Conversion of equation (2) to terms of extinction coefficient: 
When: 
C - Concentration of Fast Acid Yellow GS in standard solution 
y (mols per liter) 
C - Concentration of Brilliant Scarlet in standard solution 
^ (mols per liter) 
C - Concentration of Synthratan AGA in standard solution 
(mols per liter) 
C - Concentration of Mixture (mols per liter) 
m 
K - Extinction coefficient of Fast Acid Yellow GS 
y 
K - Extinction coefficient of Brilliant Scarlet 3R 
r 
K - Extinction coefficient of Synthratan ACA 




Combining equations (1) and (2) and substituting capital l e t t ers 
for the usual Icwer case designations of k and c; so that: 
D « K C I ' K C R « K C S « K C 
mm y y r r s s 
Then: 
Vm • j^ ^W * t '̂-̂  °'̂  * t ^""s '3̂  ^̂^ 
0 0 O 
"iHHHHHHi-
Determination of Concentrations of Components of a 
Dyebath from Optical Density Readings 
(Ternary Mixture) 
I f $ 
A-, - Wavelength of maximum absorption for one component 
Ap - Wavelength of maximum absorption for a second component 
A^ - Wavelength of maximum absorption for the third component 
Then the Optical Densities of the mixture of these components at A., Ap, 
Ao respectively (see Vickerstaff ($)): 
D. « -2: Y + ^ R + - £ s , 
o o o 
^2-f^h*r^^*^h (U) 
1̂ \ h h h I f tte divisions —, —. —, —, —-. • • • e t c . are carried out, the v r s v r 
•^0 O 0 * ^ 0 O 
resulting values represent the Optical Densities of a solution of each 
of the components (at each of the three wavelengths) which contains one 
gram per l i t e r of the component. Thus, I^, Ig , "5̂05 ^n^ Rp* ^V ^1' ^2' 
S^ may be placed in the following equations, i f i t be recognized that 
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for this case the values must be based on solutions of unit concentra-
t ion: 
D 1 y \ * r R ^ * s S . 
Do * y ^o "̂  !• ^o **• s s. 
D~ = y T3 + r R^ + s S^ 
A set of three simultaneous equa-
tions containing three unknowns; 
in this case, the concentrations 
of the components of a ternary 
dyebath mixture. 
(5) 
E3qpansion of equation set ($)t 
Equation set (5) may be expanded into the form below for ease of solutions 
^1 ^^3^2 - ̂  S^)"^ ̂ 2 ^\ ^3 " ̂ 3 ̂ 1^ "̂  °3 ̂ ^2^1 " \^2^ 
y * ' 
r « 
D^ (S3Y3 • S^ Y3) ̂  Dg (Ŝ Y3 - 33!^) > D3 (S^Y^ - S^Y^) 
s « 
D^ (Y3R2 - Y2R3) + Dg (y^R3 - y3R^) + D3 (ŷ R̂  - Y^Rg) 
Where K« « Y^(R3S2 - \S^) + Y2(R^S3 - R3S^) + Y3(R2S^ - R^Sg) 
Extinction Coefficients 
Concentration in mols per liter equals concentration in grams per 
liter divided by the molecular weight of the solute. 
Therefore, from the molecular weights of the dyebath components? 
'7 II203 r WJ^ W2:2 
Substituting the above values for C . C . a n d C in equation (3) 





y K r K s K 
V m * I^otj " 30li:i •*• 1172:2 
M « Concentration of Fast Acid Yellow GS in a Mixture = r^-r 
^ (in mols per liter) '"̂  
M = Concentration of Brilliant Scarlet 3 R in a Mixture = ̂ f A 
'̂  (in mols per liter) °^^' 
M « Concentration of Synthratan in a HLxture « 12A A 
^ (in mols per liter) * 
K C « M K + M K + M K (7) 
m m y y r r s s ^ 
And, since concentration of the dyebath must equal the sum of the con-
centrations of the components: 
MK +MK +MK 




â MPLE GilLCUUTIONS 
(Concentration)2 
^^•^•)2 " (Concentration)^ ^ ^^'^-^l 
Fast Acid Yellow GS 
(O.Djg ' -68 (computed) Actual O.D. « .70 









1 (O.B.)2 = S X .19 
(O.I).)2 - .76 (computed) Actual O.D. - .78 
Synthratan ACA 
(O.D.)2 * iTo ^ '"̂  
Actual O.D. « 1.U6 









^ K *\ •* A »* *» 
Comparison of Calculated and Actual ExtincUon Coefficients in 
Formula 8t 
M K + M K + M K T) 
y y r r s s K « — 
m̂ ' ' My + M̂  + Mg "1 % 
.UlU I^ "• -^9^ ^r •" - ^ ^s T. .1̂ 00 
m̂ Hilli' + .096 -̂  .ii90 n̂i .00013» 
: 
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. .IaU(6h50) * .096(1612) * .k9(36) ^ = 2890 (actual) 
m K » — • • 1.000 -̂  ~~ "^ 
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